Introduction
The present practice of the theoretical prediction of Hydrodynamic forces and moments acting on oscillating ships depends generally upon the strip theory, and it is. regarded that the calculation according to the strip theory shows a plausible agreement
with measured results in many cases1).
However a detailed comparison of computed and measured results reviels some discrepancies which become appreciable especially at lower frequencies.
As is well known, the strip theory assumes that the fluid motion around the hull at each transverse section is identical with the two-dimensional motion around an infinitely long oscillating cylinder having the same sectional shape as that of the section of the hull.
This becomes a valid approximation only when the frequency is sufficiently large, so that errors appear if the frequency becomes lower. Purely numerical methods2) may be available to the calculation of hydrodynamic forces on an oscillating three-dimensional body at least in case of zero forward speed. However they need much computer time and are by no means suitable to the routine practice. A simplification of the three-dimensional theory can be achieved by the, application of the slender body theory3).
It assumes the smallness of the ratio of the beam and draft to the length of the ship. ( 2 ) where the wave number.
Here we consider a velocity potential 0(2D) which represents a two-dimensional fluid motion which accompanies the oscillation of a.two-dimensional cylinder corresponding to the transverse section of the ship. Then a general solution of (1) ( 4 ) g (x) is an arbitrary function of x, but is determined in such a way that the outer expansion of the near field potential matches the inner expansion of the far field potential.
The fluid motion at a great distance from the ship is expressed asymptotically by the velocity potential of a line distribution of periodical wave sources along the longitudinal axis. The two-dimensional motion due to an oscillating cylinder can be expressed by ( 5 ) Then the matching procedure with the far field potential gives the relation ( 6 ) where Ho(x) is the Struve function, Yo(x) and Jo(x) are Bessel functions, and y is Euler's constant. a0(x) is the coefficient of source term in the two-dimensional solution and a0'(x) is its derivative. If we write ( 7 ) and assume that a0(x) vanishes at both ends of the ship, the near field potential is expressed as
Now let us consider the boundary condition on the hull surface.
Designate the vertical displacement of the hull in heave by zg and the angle of rotation about y-axis by 0, and the boundary condition on the hull surface in small oscillations takes the form ( 9 ) where n is the outward normal to the hull surface, and dots on zg and 0 mean the differentiation with respect to time.
Since the ship is very slender, one can replace the normal to the hull by the normal drawn to the section of the hull within the transverse plane. The solution is obtained by the method of Ursell and Tasaio, and the source term in the expansion of the form of (5) can be determined at each section. It is a function of x and let us designate it by 4 (x) From the equation (13) (29) where B (x) and S (x) are the waterplane width and the area of the section respectively. From 
The function W(x) is defined in (20) and is determined by the functions V (x) and A (x) is defined by (11) and determined from the ship's motion and A (x) is determined by the solution of the two-dimensional problem of heaving motion of each section. The latter is related to the amplitude and phase of the radiating wave generated by the heaving cylinder. The amplitude and phase of the periodical source is given in Appendix 1.
In pure heaving, we put V(x)=iwzg and we can write (33) 5. Conclusion Numerical calculations of hydrodynamic forces and moments of Series 60 models are carried out by means of a method which is based on a revision of the slender body theory for oscillating ships. A remarkable improvement in the agreement between computed and measured results is observed when compared with results of the strip theory, and the three-dimensional effect is shown to be important at lower frequencies.
